The association between HD allele size and age of onset were examined using linear and polynomial regression and linear regression with logarithmic transformation of the age of onset. Although all analyses yielded highly significant (p=0 0001) association, log transformation of the age of onset appeared to give a better fit based on analysis of the variance and regression coefficients.
Results

DISTRIBUTION OF CAG REPEAT LENGTH ON NORMAL AND HD CHROMOSOMES
To compare the number of CAG repeats at the HD locus in normal and HD chromosomes, PCR DNA analysis was performed on members of 36 unrelated HD families using a protocol modified from the original one4 (see Methods). The distribution of 145 independent normal chromosomes and 85 HD chromosomes showed different ranges of CAG repeat length with no overlap (fig 1) . Normal chromosomes displayed at least 18 alleles, containing between 13 (fig 3) , aternal which was highly significant (p=0-0001) on missions for which regression analysis. The best fit was found thetr affspring. with linear regression analysis with logarbserved in their ithmic transformation of the age of onset (r2 = 0-79). Three of the four cases with onset before 20 years had alleles of 66, 72, and 87 repeats respectively and were of paternal origin. In the latter, the child with 87 units was affected at the age of 8 years, while the father (48 units) was affected at the age of 44. The fourth case, with 48 repeats, had a very slowly progressive course of the disease. The inverse correlation was still significant when the three largest alleles (66, 72, and 87 units) were removed from the analysis (r2= 0-51, p= o0001).
One family appeared to present a new mutation since the grandparents died unaffected aged 92 and 94 years, while in generation II a single child (dead) manifested the disease at 53 years, and his son was affected at the age of 34 In one study where such protomutations were analysed in extended DM families, they could be found transmitted with no or minimal amplification (in 20 of 60 transmissions) and a trend was noted for more frequent and larger instability in male transmission (up to parental protomutations of n = 80). On the other hand, instability started to be more prominent in the maternal line for parental alleles over 80 repeats.32 It is likely that HD alleles much larger than n = 100 would be lethal early in life, as the few cases of alleles in the 80-100 range reported up to now lead to very early onset of the disease.
We have observed a new mutation in a family where two members carry an allele at the upper extreme of normal distribution (n=37), although the common origin of the mutated allele and the large normal one could not be established. In the original HD report,4 two new mutation events were shown to occur from alleles with n= 33 and 36 repeats. This is consistent with the conclusions, based on linkage disequilibrium studies in fragile X syndrome and myotonic dystrophy, that these diseases are maintained in the population by recurrent mutations occurring on large normal alleles.33-35 From our data and those of the initial report,4 the frequency of such large alleles at the HD locus can be estimated at about 1% (for n=33 to 35) . Given the very rare occurrence of new mutations in HD (direct estimated range between 0-5 to 5 x 10-62) and assuming that the disease frequency is in a state of equilibrium and that patients who have severe juvenile HD (about 5% of all patients) will not reproduce, one can derive a maximum mutation frequency of 5 x 10-for HD alleles of n= 33-35; thus these would not pose a real genetic counselling problem.
Interestingly, a similar frequency of alleles with 30-37 CAG repeats was observed at the DM locus in white populations3'37 and the frequencies of HD and DM are comparable in this population. Although the mean and range of normal alleles at the AR locus is very similar to that found at the HD locus, large alleles in the 33-36 range appear extremely rare (-1/ 10002830), and this could account for the lower frequency of SBMA (together with significantly decreased fitness owing to reduced fertility of affected males). A similar explanation is likely to account for the rarity of DRPLA13 (table 2) 
